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0{i, -<f7 7^7*Kl$:WtTtiO« *W~?t4T 
MRl±fc+nW2*»»lS8ilTi^. *S12(i, 0 
lfc*t«3ii:H--C**. fiP*>> +RD12tt, JfS50 
0 AOA1N *^B£4^*-y7 7J12 1, HS0.3 /xm 
E4#Mf B il3 1 , 500 AcOAIN K^77tI2 
2, if §0.3 jum *^^4*^ H I®3 2. 500 A<7)A1N 
*»4>**^v7rJi2 30^Jifl|jiT'^liK$nT^I.. 

[0017] -etT. •e<^+^*2co±(c(i. ict 

^?RK2 xiOiVcmao^'JnyK-T-GaN A^fig^iSdf 
J e l J7ffiJgn ( 13, 2X10 1 Vcni3<?)v-'J ay 
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F-TOAlGaN frbtiLi nfs3iS<7)? V » HJI4 . 
$0.05jum<7)InGaN i?h^LhW&M5. *-/W}ft£lX 
10' 8/cnP . i&£2 XlO^/cmHC"?/?-^^^* 5 ^-^ 
JlfcAlGaN *>4>^l»p{53iS^7-y HI 6 1 . 
iRSl xlO'Vcm*. 2xl0"/o»^ 
?**i"7i>H-7*<0GaN frb\8LhO>9 ? M6 2#$ 

9jWMUS*U SiO,19WJB**^tT3y^^hJ|6 
ft* J r l J7igJ£n , 1 3 <D±IZ* (7)1$ 3 & 

[ o o 1 8 ] *c, ^<r>m&^~^^ *- H 1 0£ ^ 

ti ±$UdWE tJ:&mm B ^KJ9I!£$i^^ 
E^<i>^tf:;!fX^i. NH 3 t^-v'JT^H 2 XliN 2 tTMG 
fcTMA th l J^f-/Wy^A(ln(CH 3 ) 3 ) (OT r TMI 
j fcEt) ^WSiMfc^CKC/^XX/l, 

-e/*S/»>A(Hg(CiH) t )(J3lT r CP 2 Ms j fcEt) 

[ o o 1 9 ] *-f . ««ft»atmjiPit J: 0«5» tfc 

JS$ 100 -400 ^ m(7)*ifs«t7 r -f TfflR 1 *»VP 
tC, J&BETH2 £3BS2 liter/*T*ai££fcab&a J feiB 

[00 20] mz. m.& «xrc4-cttTS*T, h 2 £ 

20 liter/*. NH 3 £10 liter/*. TMA £ 1.8X10"* 
^;l//*T'ttii&LTAlN 0V\*y7rJ§2 l£#> 500 k<T> 
WSJc»SU:. ir7 7 4 7fflKltf>S*fcil50 

•CfcftttU H 2 £20 liter/*. NH 3 SrlO liter/*. 
TMG £ 1.7XlO- 4 ;l//*T'. 4*H«^LT. BUM*). 

[0021] <Mc. *7r 4 rami ?>&££. BK. 

400°C £ TftTS-tt . A ••/ 7 r 1 2 1 <D»j£fc R— & 
500A<9JI$£>A1N A»i5>j£I>a*»/77E2 2£$ 

fiRUw. mz. V7r 4 rmmwiSJH** ss. nso 

3 //mOGaN *»£jft4#ISfiJi3 2fc»*U:. 
fc. -9-7 7^ 7S«ltf>ffi££. HUE. 400r£TftT 
^*^b b b13 2^±^. H»C» A-y7rB 

2 3£®J&Ui. 

[ 0 0 2 2 ]»:{=. "9-7 r A 73HR 1 <0«**115<rcfc: 
«J*U H 2 £20 liter/*. NH 3 £10 liter/*. TMG 
£ 1.7XlO-«/l/*. H 2 #XKJ: 90.86ppm 
fci/5>5r200ml/*-Ctt^LT. HJS&2.2 <«m, 
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£20 liter/*. NH 3 £10 liter/*. TMG £1.12X10 
-^k/*. TMA £0.47X10" 4; E;U/*. CP 2 Mg 
£2XlO-*^/*T'«&LT. -??*is*7MUs) H— 
7-tOAlGaN *^R£S pSSSO? 7 »/ HI 6 1 m&l 
fc. 77 7 HH6 1 0-7^*^*7 A^iRKli 2 xlO^/c 
■»-C*>4. i<0*tlTCtt, 77-yH16 1ti. t/c. ft 

[ 0 0 2 6 ] ^V^T . a«*110<rct:flm I . N 2 XJiH 2 
£20 liter/*. £10 liter/*. TMG £1.12X10 
-<*;k/*. a^, CP 2 Mg £ 4XlO" 4: E^/*"C'«*&t 
T. BUWW.2 /im^^^AOWH-r^GaN 4» 
^3y^M6 2«U. 3>^7H16 2 
O^/^v-^^WjllKii 2Xl0 2 »/cm 3 t'S>i.. i<0*!B 
•C'(i. 3>^7H)16 2{i. fttt^lOS QcmtUt 
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2. 77"/ H16 lte. xlO'Vcm 3 . fttt 
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UV/77t;:<k9. 3^^M6 2±K*JV^T, 
^UTSRSn* 13fcJttS€ffi^SS<4< ? 57*M^^ 
XH£Bfc£Ul. 7=rM-^'7.MCj:oTSi?n 
T O^rV ^Si 0 2 J| 9 £ 7 -y -(by)c*K^X ••/ f - > ymX-mt: 

[0029]^. 7t HU-xXHaVSi0 2 «9(CJ:^ 
-CS^ntv^V^e^rjy77M6 2. 75<yH* 
6 1. vStt*5. ?7-yH!4£. »SJg0.04Torr. ft 
Jljgm7J0.44W/cm2 . BC1 3 #7.£10 *\/ft<mkX'm 
l Y ? A x ■•/ ^->7* t £f£. ArT* H 5 >f x y t 

[0030] <Xt. SiOjigtMLT. 7* HVxXr- 

[003 1 ] <WC. IS«tfO±^ffit. -«fcNi £H* 
L. 7* hU-^'XH^ffi. 7*HyV7"77-fXg. 
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(54) MANUFACTURE OF GROUP III NITRIDE SEMICONDUCTOR AND SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the crystallinity of AlGalnN 
semiconductor grown on a different type substance substrate. 
SOLUTION: The method for growing group III nitride semiconductor 
(AlxGaylnl-x-yN; includes X=0, Y= 0, X=Y=0) on a different substance 
substrate comprises the steps of alternately laminating buffer layers 21 to 23 
formed with AlxlGayllnl-xl-ylN (0≤Xl≤l, 0≤Yl≤l, 
0≤Xl+Yl≤l) at the temperature that a single crystal is not grown on the 
substrate and single crystal layers 31, 32 formed with Alx2Gay2Inl-X2-Y2N 
(includes 0≤X2≤l, 0≤Y2≤l, 0 X2+Y2 1, X1=X2, Y1=Y2), and 
forming a layer 33 made of Alx3Gay3Inl-x3-y3N (includes 0≤X3≤l, 
0≤Y3≤l, 0≤X3+Y3≤l, XI or X2=X3, Yl or Y2=Y3) for the 
purpose at the temperature that the single crystal is grown thereon. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is 3 group nitride semiconductor (AlxGaYlnl-X-YN;X=0, Y= 0, and X=Y=0 are included) on the substrate of the 
different-species matter. In the technique of making it growing up The buffer layer which formed AlxlGaYlInl-xl-YlN (0 
<=xl <=1 and 0 <=Y 1<=1 and 0 <=xl+Y 1<=1) on the aforementioned substrate at the temperature a single crystal does not 
grow up to be, It is Alx2GaY21nl-x2-Y2N (0 <=x2 <=1 and 0 <=Y 2<=1, 0 <=x2+Y 2<=1, xl=x2, and Y1=Y2 are included) at 
the temperature a single crystal grows up to be. The three or more layers laminating of the formed single crystal layer is carried 
out by turns. A!x3GaY3Inl-x3-Y3N (0 <=x3 <=1 and 0 <=Y 3<=1, 0 <=x3+Y 3<=1, XI, or X2= X3, Yl, or Y2=Y3 is 
included) made into the purpose at the temperature a single crystal grows up to be on it **** - having formed the layer which 
changes The manufacture technique of 3 group nitride semiconductor by which it is characterized. 

[Claim 2] It is the manufacture technique of 3 group nitride semiconductor according to claim 1 which the aforementioned 
buffer layer thickness is 100-1000**, and is characterized by the aforementioned single crystal layer thickness being 
500-3000**. 

[Claim 3] The growth temperature of the aforementioned buffer layer is the manufacture technique of 3 group nitride 
semiconductor according to claim 1 characterized by being 350-800 degrees C. 

[Claim 4] the aforementioned buffer layer - A1N it is - the aforementioned single crystal layer « GaN it is - the manufacture 
technique of 3 group nitride semiconductor according to claim 1 characterized by things 

[Claim 5] the aforementioned substrate - sapphire or SiC it is - the manufacture technique of 3 group nitride semiconductor 
according to claim 1 characterized by things 

[Claim 6] 3 group nitride semiconductor formed on the substrate of the different-species matter (AlxGaYInl-X-YN;X=0, Y= 0, 
and X=Y=0 are included) In the semiconductor device used as the element layer The buffer layer which consists of 
AlxlGaYlInl-xl-YlN (0 <=xl <=1 and 0 <=Y 1<=1 and 0 <=xl+Y 1<=1) formed at the temperature a single crystal does not 
grow up to be on the aforementioned substrate between the aforementioned substrate and the aforementioned element layer, 
Alx2GaY2Inl-x2-Y2N (0 <=x2 <=1 and 0 <=Y 2<=1, 0 <=x2+Y 2<=1, xl=x2, and Y1=Y2 are included) formed at the 
temperature a single crystal grows up to be **** - that the interlayer who did the three or more layers laminating of the single 
crystal layer which changes by turns intervenes The semiconductor device by which it is characterized. 
[Claim 7] It is the semiconductor device according to claim 6 which the aforementioned buffer layer thickness is 100-1000**, 
and is characterized by the aforementioned single crystal layer thickness being 500-3000**. 

[Claim 8] The growth temperature of the aforementioned buffer layer is a semiconductor device according to claim 6 
characterized by being 350-800 degrees C. 

[Claim 9] the aforementioned buffer layer - A1N it is - the aforementioned single crystal layer - GaN it is - semiconductor 
device according to claim 6 characterized by things 

[Claim 10] the aforementioned substrate - sapphire or SiC it is - semiconductor device according to claim 6 characterized by 
things 

[Claim 11] The aforementioned element layer is a semiconductor device according to claim 6 characterized by being a 
light-corpuscle child's basal layer. 
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Japan Patent Office is not responsibl for any 
damag s caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the light emitting device which used 3 group nitride semiconductor. 
[0002] 

[Description of the Prior Art] A buffer layer is conventionally formed on silicon on sapphire as a blue laser diode, and it is 
AlGalnN on the buffer layer. The thing of the structure in which the double heteroj unction of the compound semiconductor of a 
system was formed is known. Since the compound semiconductor is a transited [ directly ] type, it attracts attention from that 
luminous efficiency is high, making into the luminescent color blue it is [ blue ] one in three primary colors of the light, etc. 

[0003] ^ x7 

[Problem(s) to be Solved by the Invention] However, the laser diode of the conventional above-mentioned structure is AlGalnN 
on the substrate of the different-species matter, although the buffer layer is used. In order to grow up the compound 
semiconductor of a system, crystallinity is not yet good. That is, this lattice defect is perpendicularly penetrated from the 
substrate side to the luminous layer, and the lattice defect density in a luminous layer exists about two 109-1010/cm. That this 
lattice defect density is high reduces luminous efficiency, and it is shortening the life of operation. It is AlGalnN which this 
invention is accomplished [ AlGalnN ] in order to solve the above-mentioned technical probrem, and grows up the purpose on a 
different-species matter substrate. It is improving the crystallinity of the compound semiconductor of a system and improving the 
property of the semiconductor device using the compound semiconductor. 
[0004] 

[Means for Solving the Problem] this invention is 3 group nitride semiconductor (AlxGaYInl-X-YN;X=0, Y= 0, and X=Y=0 
- are included) on the substrate of the different-species matter. In the technique of making it growing up ThebuflerJayer which 
formed AlxlGaYlInl-xl-YlN (0 <=xl <=1 and 0 <=Y 1<=1 and 0 <=xl+Y 1<=1) on the substrate at the temperature a single 
crystal does not grow up to be, It is Alx2GaY2Inl-x2-Y2N (0 <=x2 <=1 and 0 <=Y 2<=1, 0 <=x2+Y 2<=1, xl=x2, and Y1=Y2 
are included) at the temperature a single crystal grows up to be. The three or more layers laminating of the formed single crystal 
layer is carried out by turns. Alx3GaY3Inl-x3-Y3N (0 <=x3 <=1 and 0 <=Y 3<=1, 0 <=x3+Y 3<=1, XI or x2=x3, Yl, or 
Y2=Y3 is included) made into the purpose at the temperature a single crystal grows up to be on it **** - it is characterized by 
forming the layer which changes Moreover, the characteristic feature of other invention is the semiconductor device which made 
the layer of Alx3GaY3Inl-x3-Y3Nformed such the basal layer of an element layer. 

[0005] By this configuration, the lattice defect lengthwise prolonged from a substrate side is intercepted on the way by the repeat 
of a buffer layer and a single crystal layer, and it does not result in the layer of the single crystal made into the purpose. 
Especially, the trusion from a substrate side is confined in 50 - 1000** of the single crystal of a buffer layer, and prevents being 
spread in the upper layer. Therefore, the lattice defect density in the semiconductor layer for forming an element becomes low, 
and the single crystal semiconductor which consists of good Alx3GaY3Inl-x3-Y3N also on the substrate of the different-species 
matter is obtained. Moreover, when an element is formed, having used the semiconductor of the single crystal as the basal layer, 
the crystallinity of the layer which forms an element can become high and the property of an element can be raised. When a light 
emitting device is formed especially, luminous efficiency, an element life, and photogenesis brightness can be improved. 
[0006] making a buffer layer thickness into 100-1000**, and making a single crystal layer thickness into 500-3000** like claims 
2 and 7, - moreover, it can prevent efficiently being extended in the semiconductor layer which a lattice defect makes the 
purpose from a substrate side like claims 3 and 8 by making growth temperature of a buffer layer into 350-800 degrees C 
Moreover, distortion becomes large and is not desirable if a single crystal layer thickness exceeds 3000**. 
[0007] Let a buffer layer and a single crystal layer be the nitride semiconductors of 4 yuan of general formula 
AlxGaYInl-X-YN, 3 yuan, and 2 yuan. Especially like a claim 4, it is GaN about A1N and a single crystal layer in a buffer layer. 
GaN made into the purpose by carrying out The lattice defect density of a layer can be reduced greatly. Moreover, in a substrate, 
they are sapphire or SiC. A grade can be used. In addition, the number of repeats of a buffer layer and a single crystal layer is 
arbitrary. Moreover, it is desirable to carry out a temperature up as it is after the last buffer layer stratification, and to grow up a 
single crystal layer also from the simplicity of a process also from the crystallinity of a single crystal. 
[0008] 

[Example] The layer which consists of Alx3GaY3Inl-x3-Y3N made into the purpose as follows was formed on silicon on 
sapphire. Each class is an organometallic compound vapor growth (it is described as "M0VPE" below). It was formed of the 
vapor growth to depend, the used gas - NH3 Carrier gas H2, or N2 and trimethylgallium (Ga3 (CH3)) (it is described as "TMG" 
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below) Trimethylaluminum (aluminum3 (CH3)) (it is described as "TMA" below) it is . 

[0009] First, thickness 100-400 washed with organic washing and heat treatment It is MOVPE about the silicon on sapphire 1 of 
the single crystal of mum. The susceptor laid in the reaction chamber of equipment is equipped. Next, gas phase etching of the 
silicon on sapphire 1 was carried out at the temperature of 1 100 degrees C, passing H2 to a reaction chamber by part for 
rate-of-flow 2 liter/by the ordinary pressure. 

[0010] next, temperature it falls to 400 degrees C -- making - H2 a part for 20 liter/, and NH3 A part for 10 liter/, and TMA it 
supplies by part for 1.8x10 -five mols/, and is shown in drawing 1 — as — the buffer layer 21 of A1N — abbreviation It was 
formed in the thickness of 500**. next, the temperature of silicon on sapphire 1 — 1 150 degrees C — holding — H2 — a part for 
20 liter/, and NH3 A part for 10 liter/, and TMG a part for 1.7x10 -four mols/- supplying - thickness 0.3 [ about ] GaN of mum 
**** the single crystal layer 31 which changes was formed 

[001 1] next, the temperature of silicon on sapphire 1 is again fallen up to 400 degree C - making — the same conditions as 
formation of the buffer layer 21 - A1N of the thickness of 500** **** - the buffer layer 22 which changes was formed next, the 
temperature of silicon on sapphire 1 — again — 1 150 degrees C — raising — the same conditions as formation of the single crystal 
layer 31 — thickness 0.3 GaN of mum **** — the single crystal layer 32 which changes was formed Furthermore, the 
temperature of silicon on sapphire 1 was again reduced up to 400 degree C, and the buffer layer 23 was similarly formed on the 
single crystal layer 32. and the temperature of silicon on sapphire 1 — again — 1 150 degrees C — raising — the same conditions as 
formation of the single crystal layer 31 — thickness 1.5 GaN of mum **** — the single crystal layer 33 made into the purpose 
which changes was formed 

[0012] It is KOH about this single crystal layer 33. It etched, and surface dislocation density was picturized under the 
electronic-scanning microscope by the etch-pit method, and it measured, the result - 8x105 cm2 it was . the former — like — a 
silicon-on-sapphire 1 top - A1N of one layer **** — GaN which forms the buffer layer 22 which changes and is made into the 
purpose on it **** - since the etch-pit densities at the time of forming the single crystal layer which changes were 4x107 / cm2, 
the etch-pit density fell to 1/50 by the manufacture technique of this example 

[0013] The ground which can decrease an etch pit by making a buffer layer into multilayer structure is considered as follows. 
The configuration of a pit is a hexagonal method by observation by the electron microscope. A1N GaN formed on a buffer layer 
It is the island-like crystal of a hexagonal method the early stages of growth. Then, a buffer layer is GaN in a crystal growth. 
Although covered, it is thought that a lattice defect fraction is left behind and serves as the pit of a hexagonal method too. 
However, A1N A buffer layer and GaN At making a single crystal layer into multiplex period structure, it is A1N. A layer is 
GaN. It is thought that it interferes well with a layer and the lattice defect was closed. 

[0014] At the above-mentioned example, it is A1N in a buffer layer. Although used, they are GaN of other 2 yuan systems, and 
InN. AlGaN of a 3 yuan system, InGaN, and AlGalnN of a 4 yuan system A grade can be used. In this case, a buffer layer is 
formed at the low temperature a single crystal does not grow up to be, and the thickness has desirable 100 - 1000**. Moreover, 
even if the matter of the single crystal layer formed on a buffer layer has a buffer layer, the matter, and the same composition 
ratio, as for the different-species matter, a composition ratio may differ also from the of-the-same-kind matter, this single crystal 
layer - GaN others - AlGaN of the 3 yuan system of an arbitrary composition ratio, InGaN, and AlGalnN of the 4 yuan system 
of an arbitrary composition ratio It can use. The growth temperature of this single crystal layer is the temperature a single crystal 
can grow up to be. Generally, the domain of thickness of 500 - 3000** is desirable. Moreover, the number of times of a repeat of 
a buffer layer and a single crystal layer is arbitrary. 

[0015] Furthermore, 3 group nitride semiconductor Alx3GaY3Inl-x3-Y3N [ of 2 yuan, 3 yuan, and 4 yuan ] (0 <=x3 <=1 and 0 
<=Y 3<=1 and 0 <=x3+Y 3<=1) of a system can be used for the semiconductor layer of the target single crystal, 
[0016] Next, the laser diode 10 was manufactured using this manufacture technique. In drawing 1 , the laser diode 10 has silicon 
on sapphire 1, and the interlayer 2 is formed on the silicon on sapphire 1. The interlayer 2 is the same as that of the structure 
shown in drawing 1 . namely, the interlayer 2 — A1N of thickness 500 ** **** — the buffer layer 21 and thickness 0.3 which 
change mum **** - A1N of single crystal layer 31,500 ** which changes **** - the buffer layer 22 and thickness 0.3 which 
change mum **** - A1N of single crystal layer 32,500 ** which changes **** — it consists of the multilayer structure of the 
buffer layer 23 which changes 

[0017] On the interlayer 2, and in order The silicon dope GaN of 2x101 8/cm3 of concentration of electrons since — high carrier 
concentration n+ which changes A layer 3 and concentration of electrons AlGaN of the silicon dope of 2xl018/cm3 since — 
InGaN of the clad layer 4 of n conduction type which changes, and about 0.05 micrometers of thicknesss **** — AlGaN by 
which magnesium was doped by the barrier layer 5 which changes, Ixl018/cm3 of hole concentration, and 2xl020/cm3 of 
concentration **** -- the clad layer 61 of p conduction type which changes - Ixl018/cm3 of hole concentration, and 
magnesium concentration GaN of the magnesium dope of 2xl020/cm3 **** — the contact layer 62 which changes is formed and 
SiO two-layer 9 forms on the contact layer 62 - having - SiO two-layer - the electrode 7 which consists of nickel joined to the 
contact layer 62 through the window part of 9 is formed Furthermore, high carrier concentration n+ The electrode 8 which 
consists of nickel joined to the layer 3 is formed on the layer 3. 

[0018] Next, the manufacture technique of the laser diode 10 of this structure is explained. The above-mentioned laser diode 10 
is MOVPE mentioned above. It was manufactured by the vapor growth to depend. The used gas is NH3. Carrier gas H2, or N2 
and TMG TMA Trimethylindium (In3 (CH3)) (it is described as "TMI" below) They are a silane (SiH4) and magnesium 
cyclopentadienyl (Mg2 (C5H5)) (it is described as "CP2Mg" below). 

[0019] First, thickness 100-400 washed with organic washing and heat treatment It is MOVPE about the silicon on sapphire 1 of 
the single crystal of mum. The susceptor laid in the reaction chamber of equipment is equipped. Next, gas phase etching of the 
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silicon on sapphire 1 was carried out at the temperature of 1 100 degrees C, passing H2 to a reaction chamber by part for 
rate-of-flow 2 liter/by the ordinary pressure. 

[0020] Next temperature It is made to fall to 400 degrees C, and they are a part for 20 liter/, and NH3 about H2. A part tor 10 
liter/ and TMA It supplies by part for 1.8x10 -five mols/, and is A1N. It is abbreviation about the buffer layer 21. It formed in 
the thickness of 500**. next, the temperature of silicon on sapphire 1 -- 1 150 degrees C -- holding -- H2 -- a part for 20 liter/, 
and NH3 A part for 10 liter/, and TMG a part for 1.7x10-4 **/-- for 4 minutes - supplying - thickness 0.3 [ about ] GaN ot 
mum ****-- the single crystal layer 3 1 which changes was formed 

[002 1] next the temperature of silicon on sapphire 1 is again fallen up to 400 degree C - making - the same conditions as 
formation of the buffer layer 21 - A1N of the thickness of 500** **** - the buffer layer 22 which changes was formed next, the 
temperature of silicon on sapphire 1 - again - 1 150 degrees C -- raising - the same conditions as formation of the single crystal 
layer 31 -- thickness 0.3 GaN of mum **** - the single crystal layer 32 which changes was formed Furthermore, the 
temperature of silicon on sapphire 1 was again reduced up to 400 degree C, and the buffer layer 23 was similarly formed on the 

single crystal layer 32. , . _ .... . 

[0022] The temperature of silicon on sapphire 1 is held at 1 150 degrees C. H2 A part for next, 20 liter/, NH3 A part for 10 liter/, 
and TMG It is 0.86 ppm by part for 1.7x10-4 **/, and H2 gas. The diluted silane is supplied by part for 200ml/. thickness 2.2 
about ] mum and concentration of electrons GaN of the silicon dope of 2xl018/cm3 **** -- high carrier concentration n+ which 

changes The layer 3 was formed. , , ir , 

[0023] The temperature of silicon on sapphire 1 is held at 1 100 degrees C. N2 or H2 A part for next, 10 liter/, NH3 A part for 10 
liter/ and TMG 1.12x10 -four mol a part for /and TMA It is 0.86 ppm by 0.47x10 -four mol part [ for /], and H2 gas. The 
diluted silane is supplied by part for 10xl0-9mol/. AlGaN of the silicon dope of 2xl018/cm3 of concentration **** - the clad 
layer 4 of n conduction type which changes was formed JTO «^i«in 
[0024] then temperature ~ 850 ** - holding - N2 or H2 - a part for 20 liter/, and NH3 A part for 10 liter/, and TMG 1.53x10 
-four mol apart for /and TM1 a part for 0.02x10 -four mols/- supplying - 0.05-micrometer InGaN **** - the barrier layer 5 

which changes was formed r , j™*/- 

[0025] then temperature - 1 100 degrees C - holding - N2 or H2 - a part for 20 liter/, and NH3 A part for 10 liter/, and TMG 
1 12x10 -four mol a part for /and TMA 0.47x10 -four mol a part for /and CP2Mg a part for 2x10 -four mols/- supplying - 
AlGaN of a magnesium (Mg) dope **** - the clad layer 61 of p conduction type which changes was formed The concentration 
of the magnesium of the clad layer 61 is 2xl020/cm3. In this status, the clad layer 61 is still resistivity 108. It is an insulator 

more than omegacm. , , , T ,.o 

[0026] then, temperature - 1 100 degrees C - holding - N2 or H2 - a part for 20 liter/, and NH3 A part for 10 liter/, and TMG 
1 12x10 -four mol a part for /and CP2Mg a part for 4x10 -four mols/- supplying - thickness 0.2 [ about ] GaN of the 
magnesium (Mg) dope of mum **** - the contact layer 62 which changes was formed Concentration of the magnesium.ofJhe 



contact layer 62 It is 2xl020/cm3. In this status, the contact layer 62 is still resistivity 108. It is an insulator more than omegacm. 

[0027] Next the contact layer 62 and the clad layer 61 are Ixl018/cm3 of hole concentration, and resistivity by the electron 
beam irradiation. It became p conduction-type semiconductor of 2ohmcm. Thus, the wafer of multilayer structure was obtained. 
[0028] next the contact layer 62 top - sputtering - SiO two-layer - 9 was formed in the thickness of 2000** and the photoresist 
was applied on the SiO two-layer 9 And it sets on the contact layer 62 with a ********** grap h, and is high carrier 
concentration n+. The photoresist of the electrode formation site to a layer 3 was removed, next, the SiO two-layer which is not 
covered by the photoresist ~ 9 was removed by the hydrofluoric-acid system etching reagent 

[0029] Next, after supplying and carrying out dry etching of 2 and the BC13 gas at a rate for 10 ml/degree of vacuum 0.04Torr 
and 0 44W [/cm ] RF power, dry etching of the contact layer 62 of the site which is not covered by a photoresist and SiO 
two-layer 9, the clad layer 61, the barrier layer 5, and the clad layer 4 was carried out by Ar. this process ~ high carrier 
concentration n+ the hole for electrode extraction to a layer 3 - A was formed 

[0030] next, SiO two-layer - 9 - receiving ~ an application of a photoresist, a photolithography process, and wet etching - 
carrying out - SiO two-layer - the aperture was formed in the electrode formation site of the contact layer 62 of 9 
[0031] Next all over the upper [ of a sample ], the vacuum evaporationo of the nickel is carried out uniformly, and it passes 
through an application of a photoresist, a photolithography process, and an etching process, and is high carrier concentration n+. 
The electrodes 8 and 7 to the layer 3 and the contact layer 62 were formed. Then, like the above, the processed wafer was cut in 
the shape of a strip of paper in the length orientation of the mold cavity of laser, the cleavage was carried out in the orientation 
right-angled, and the laser diode chip was formed in it. 

[0032] thus, A1N of the low-temperature growth by the interlayer 2 **** - considering as the multiplex layer of the buffer layer 
which changes - high carrier concentration n+ The crystallinity of a layer 3, the clad layer 4, the barrier layer 5, the clad layer 
61 , and the contact layer 62 was able to be raised. 

[0033] In addition, an interlayer 2 can consider various deformation, as the example of the manufacture technique showed. 
Moreover, at the above-mentioned example, it is InGaN about the structure of a barrier layer 5. Although considered as the 
monolayer thickness is InGaN of 100 **, respectively. GaN The constituted multiplex quantum well structure is sufficient. The 
thickness of a barrier layer 5 is 100 - 1000**. Various kinds of GaNs which contain light-corpuscle children, such as light 
emitting diode and a photo detector, although this example explained the laser diode It cannot be overemphasized that it is 

applicable to a system electron device. . 
[0034] Moreover, generally AlxGaylnl-x-yN is sufficient as the clad layers 4 and 61 and the barrier layer 5. Composition Ratio 
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x- y 1-x-y is determined according to the oscillation wavelength of laser. 

[0035] Heat treatment besides an electron beam irradiation, heat treatment in N2 plasma gas, and laser radiation can perform p 
mold-ization. 
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Field 

I ..,. „,.„, — •'* 1 ■■ -..■ — .« - . .. .■■■■.■ ^. .. — .. „ . 1. 1 1, i . --~ 1 • 1 

[Field of the Invention] this invention relates to the light emitting device which used 3 group nitride semiconductor. 
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[Description of the Prior Art] A buffer layer is conventionally formed on silicon on sapphire as a blue laser diode, and it is 
AlGalnN on the buffer layer. The thing of the structure in which the double heteroj unction of the compound semiconductor of a 
system was formed is known. Since the compound semiconductor is a transited f directly ] type, it attracts attention from that 
luminous efficiency is high, making into the luminescent color blue it is [ blue ] one in three primary colors of the light, etc. 



Technique 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, the laser diode of the conventional above-mentioned structure is AIGalnN 
on the substrate of the different-species matter, although the buffer layer is used. In order to grow up the compound 
semiconductor of a system, crystallinity is not yet good. That is, this lattice defect is perpendicularly penetrated from the 
substrate side to the luminous layer, and the lattice defect density in a luminous layer exists about two 109-1010/cm. That this 
lattice defect density is high reduces luminous efficiency, and it is shortening the life of operation. It is AIGalnN which this 
invention is accomplished [ AIGalnN ] in order to solve the above-mentioned technical probrem, and grows up the purpose on a 
different-species matter substrate. It is improving the crystallinity of the compound semiconductor of a system and improving the 
property of the semiconductor device using the compound semiconductor. 
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MEANS 

[Means for Solving the Problem] this invention is 3 group nitride semiconductor (AlxGaYInl-X-YN;X=0, Y= 0, and X=Y=0 
are included) on the substrate of the different-species matter. In the technique of making it growing up The buffer layer which 
formed AlxlGaYlInl-xl-YlN (0 <=xl <=1 and 0 <=Y 1<=1 and 0 <=xl+Y 1<=1) on the substrate at the temperature a single 
crystal does not grow up to be, It is Alx2GaY2Inl-x2-Y2N (0 <=x2 <=1 and 0 <=Y'2<=1, 0 <=x2+Y 2<=1, xl=x2, and Y1=Y2 
are included) at the temperature a single crystal grows up to be. The three or more layers laminating of the formed single crystal 
layer is carried out by turns. Alx3GaY3Inl-x3-Y3N (0 <=x3 <=1 and 0 <=Y 3<=1, 0 <=x3+Y 3<=1, XI or x2=x3, Yl, or 
Y2=Y3 is included) made into the purpose at the temperature a single crystal grows up to be on it **** - it is characterized by 
forming the layer which changes Moreover, the characteristic feature of other invention is the semiconductor device which made 
the layer of Alx3GaY3Inl-x3-Y3N formed such the basal layer of an element layer. 

[0005] By this configuration, the lattice defect lengthwise prolonged from a substrate side is intercepted on the way by the repeat 
of a buffer layer and a single crystal layer, and it does not result in the layer of the single crystal made into the purpose. 
Especially, the trusion from a substrate side is confined in 50 - 1000** of the single crystal of a buffer layer, and prevents being 
spread in the upper layer. Therefore, the lattice defect density in the semiconductor layer for forming an element becomes low, 
and the single crystal semiconductor which consists of good Alx3GaY3Inl-x3-Y3N also on the substrate of the different-species 
matter is obtained. Moreover, when an element is formed, having used the semiconductor of the single crystal as the basal layer, 
the crystallinity of the layer which forms an element can become high and the property of an element can be raised. When a light 
emitting device is formed especially, luminous efficiency, an element life, and photogenesis brightness can be improved. 
[0006] making a buffer layer thickness into 100-3000**, and making a single crystal layer thickness into 500-3000** like claims 
2 and 7, - moreover, it can prevent efficiently being extended in the semiconductor layer which a lattice defect makes the 

purpose from a substrate side like claims 3 and 8 by making growth temperature of a buffer layer i nto 350-800 de g rees C 

Moreover, distortion becomes large and is not desirable if a single crystal layer thickness exceeds 3000**. 
[0007] Let a buffer layer and a single crystal layer be the nitride semiconductors of 4 yuan of general formula 
AlxGaYInl-X-YN, 3 yuan, and 2 yuan. Especially like a claim 4, it is GaN about A1N and a single crystal layer in a buffer layer. 
GaN made into the purpose by carrying put The lattice defect density of a layer can be reduced greatly. Moreover, in a substrate, 
they are sapphire or SiC. A grade can be used: In addition, the number of repeats of a buffer layer and a single crystal layer is 
arbitrary. Moreover, it is desirable to carry out a temperature up as it is after the last buffer layer stratification, and to grow up a 
single crystal layer also from the simplicity of a process also from the crystallinity of a single crystal. 
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EXAMPLE 



[Example] The layer which consists of Alx3GaY31nl-x3-Y3N made into the purpose as follows was formed on silicon on 
sapphire. Each class is an organometallic compound vapor growth (it is described as "MOVPE" below). It was formed of the 
vapor growth to depend, the used gas - NH3 Carrier gas H2, or N2 and trimethylgallium (Ga3 (CH3)) (it is described as "TMG" 
below) Trimethylaluminum (aluminum3 (CH3)) (it is described as "TMA" below) it is . 

[0009] First, thickness 100-400 washed with organic washing and heat treatment It is M0VPE about the silicon on sapphire 1 of 
the single crystal of mum. The susceptor laid in the reaction chamber of equipment is equipped. Next, gas phase etching of the 
silicon on sapphire 1 was carried out at the temperature of 1 100 degrees C, passing H2 to a reaction chamber by part for 
rate-of-flow 2 liter/by the ordinary pressure. 

[0010] next, temperature it falls to 400 degrees C -- making - H2 a part for 20 liter/, and NH3 A part for 10 liter/, and TMA it 
supplies by part for 1 .8x10 -five mols/, and is shown in drawing 1 - as - the buffer layer 21 of A1N « abbreviation It was 
formed in the thickness of 500**. next, the temperature of silicon on sapphire 1-1150 degrees C - holding - H2 - a part for 
20 liter/, and NH3 A part for 10 liter/, and TMG a part for 1.7x10 -four mols/- supplying ~ thickness 0.3 [ about ] GaN of mum 
**** the single crystal layer 31 which changes was formed 

[001 1] next, the temperature of silicon on sapphire 1 is again fallen up to 400 degree C - making the same conditions as 
formation of the buffer layer 21 - A1N of the thickness of 500** **** - the buffer layer 22 which changes was formed next, the 
temperature of silicon on sapphire 1 - again - 1 150 degrees C - raising - the same conditions as formation of the single crystal 
layer 31 thickness 0.3 GaN of mum **** - the single crystal layer 32 which changes was formed Furthermore, the 
temperature of silicon on sapphire 1 was again reduced up to 400 degree C, and the buffer layer 23 was similarly formed on the 
single crystal layer 32. and the temperature of silicon on sapphire 1 - again 1 150 degrees C - raising - the same conditions as 

formation of the single crystal layer 31 - thickness 1.5 GaN of mum **** --.*e.sing|e.ci^ 

which changes was formed , > . 

[0012] It is KOH about this single crystal layer 33. It etched, and surface dislocation density was picturized under the 
electronic-scanning microscope by the etch-pit method, and it measured, the result - 8x105 cm2 it was . the former like - a 
silicon-on-sapphire 1 top A1N of one layer **** - GaN which forms the buffer layer 22 which changes and is made into the 
purpose on it **** - since the etch-pit densities at the time of forming the single crystal layer which changes were 4x107 / cm2, 
the etch-pit density fell to 1/50 by the manufacture technique of this example 

[0013] The ground which can decrease an etch pit by making a buffer layer into multilayer structure is considered as follows. 
The configuration of a pit is a hexagonal method by observation by the electron microscope. A1N GaN formed on a buffer layer 
It is the island-like crystal of a hexagonal method the early stages of growth. Then, a buffer layer is GaN in a crystal growth. 
Although covered, it is thought that a lattice defect fraction is left behind and serves as the pit of a hexagonal method too. 
However, A1N A buffer layer and GaN At making a single crystal layer into multiplex period structure, it is A1N. A layer is 
GaN. It is thought that it interferes well with a layer and the lattice defect was closed. 

[0014] At the above-mentioned example, it is A1N in a buffer layer. Although used, they are GaN of other 2 yuan systems, and 
InN. AlGaN of a 3 yuan system, InGaN, and AlGalnN of a 4 yuan system A grade can be used. In this case, a buffer layer is 
formed at the low temperature a single crystal does not grow up to be, and the thickness has desirable 100 - 1000**. Moreover, 
even if the matter of the single crystal layer formed on a buffer layer has a buffer layer, the matter, and the same composition 
ratio, as for the different-species matter, a composition ratio may differ also from the of-the-same-kind matter, this single crystal 
layer - GaN others - AlGaN of the 3 yuan system of an arbitrary composition ratio, InGaN, and AlGalnN of the 4 yuan system 
of an arbitrary composition ratio It can use. The growth temperature of this single crystal layer is the temperature a single crystal 
can grow up to be. Generally, the domain of thickness of 500 - 3000** is desirable. Moreover, the number of times of a repeat of 
a buffer layer and a single crystal layer is arbitrary. 

[0015] Furthermore, 3 group nitride semiconductor Alx3GaY31nl-x3-Y3N [ of 2 yuan, 3 yuan, and 4 yuan ] (0 <=x3 <=1 and 0 
<=Y 3<=i and 0 <=x3+Y 3<=1) of a system can be used for the semiconductor layer of the target single crystal. 
[0016] Next, the laser diode 10 was manufactured using this manufacture technique. In drawing 1 , the laser diode 10 has silicon 
on sapphire 1 , and the interlayer 2 is formed on the silicon on sapphire 1 . The interlayer 2 is the same as that of the structure 
shown in drawing 1 . namely, the interlayer 2 - A1N of thickness 500 ** **** - the buffer layer 21 and thickness 0.3 which 
change mum **** - A1N of single crystal layer 31,500 ** which changes **** ~ the buffer layer 22 and thickness 0.3 which 
change mum **** - A1N of single crystal layer 32,500 ** which changes **** - it consists of the multilayer structure of the 
buffer layer 23 which changes 
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[0031] Next, all over the upper [ of a sample ], the vacuum evaporationo of the nickel is carried out uniformly, and it passes 
through an application of a photoresist, a photolithography process, and an etching process, and is high carrier concentration n+. 
The electrodes 8 and 7 to the layer 3 and the contact layer 62 were formed. Then, like the above, the processed wafer was cut in 
the shape of a strip of paper in the length orientation of the mold cavity of laser, the cleavage was carried out in the orientation 
right-angled, and the laser diode chip was formed in it. 

[0032] thus, A1N of the low-temperature growth by the interiayer 2 **** -- considering as the multiplex layer of the buffer layer 
which changes - high carrier concentration n+ The crystallinity of a layer 3, the clad layer 4, the barrier layer 5, the clad layer 
61, and the contact layer 62 was able to be raised. 

[0033] In addition, an interiayer 2 can consider various deformation, as the example of the manufacture technique showed. 
Moreover, at the above-mentioned example, it is InGaN about the structure of a barrier layer 5. Although considered as the 
monolayer, thickness is InGaN of 100 **, respectively. GaN The constituted multiplex quantum well structure is sufficient. The 
thickness of a barrier layer 5 is 100 - 1000**. Various kinds of GaNs which contain light-corpuscle children, such as light 
emitting diode and a photo detector, although this example explained the laser diode It cannot be overemphasized that it is 
applicable to a system electron device. 

[0034] Moreover, generally AlxGaylnl-x-yN is sufficient as the clad layers 4 and 61 and the barrier layer 5. Composition Ratio 
x: y:l-x-y is determined according to the oscillation wavelength of laser. 

[0035] Heat treatment besides an electron beam irradiation, heat treatment in N2 plasma gas, and laser radiation can perform p 
mold-ization. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The cross section of a semiconductor layer having shown the manufacture technique concerning the concrete 
example of this invention. 

[Drawing 2] The block diagram having shown the configuration of the laser diode concerning the concrete example of this 
invention. 

[Description of Notations] 
10 — Laser diode 

1 - Silicon on sapphire 

2 — Interlayer 

21, 22, 23 -Buffer layer 
31, 32 - Single crystal layer 

3 — Quantity carrier concentration n+ Layer 

4 - Clad layer 

5 — Barrier layer 

61 Clad layer 

62 - Contact layer 
7, 8 - Electrode 

9 - SiO two-layer 
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